From its very beginning quantum theory has been revealing extraordinary and counter-intuitive phenomena, such as wave-particle duality [1], Schrödinger cats [2] and quantum non-locality [3] [4] [5] [6] . In the study of quantum measurement, a process involving pre-and postselection of quantum ensembles in combination with a weak interaction was found to yield unexpected outcomes [7] . This scheme, usually referred to as "weak measurements", can not only be used as an amplification technique [8] [9] [10] and for minimal disturbing measurements [11, 12] , but also for the exploration of quantum paradoxes [13] [14] [15] [16] [17] . Recently the quantum Cheshire Cat has attracted attention [18-20]: a quantum system can behave as if a particle and its property (e.g. its polarization) are spatially separated. Up to now most experiments studying weak measurements were done with photonic setups [21] . To reveal the peculiarities of a quantum Cheshire Cat the use of non-zero mass particles is most appealing, since no classical description is possible. Here, we report an experiment using a neutron interferometer [22] [23] [24] [25] to create and observe a purely quantum mechanical Cheshire Cat. The experimental results suggest that the system behaves as if the neutrons went through one beam path, while their spin travelled along the other.
where |ψ i and |ψ f are the initial ("preselected") and final ("postselected") states of the system andÂ is an observable of the system being measured. Â w represents information obtained by weakly coupling the system to a measurement device, i.e. a probe. Such "weak measurements" allow information to be obtained with minimal disturbance [27] . A surprising effect originating from pre-and postselection of a system is the ability to "separate" the location of a system from one of its properties [15, [18] [19] [20] , as suggested by the Cheshire Cat story: "Well! I've often seen a cat without a grin," thought Alice; "but a grin without a cat! It's the most curious thing I ever saw in all my life!" [28] . The essential property of a quantum Cheshire Cat in an interferometer is, that the cat itself is located in one beam path, while its grin is located in the other one [20] . An artistic depiction of this behaviour is shown in Fig. 1 . In our experiment, the neutron plays the role of the cat and the cat's grin is represented by the neutron's spin. The system is initially prepared so that after entering the beamsplitter its quantum state is given by
where |I (|II ) stands for the spatial part of the wavefunction along path I (path II) of the interferometer and |S x ; ± denotes the spin state in ±x direction. In order to observe the quantum Cheshire Cat, after we preselect the ensemble, we will next perform weak measurements on both the neutrons' population in a given path along with the value of the spin in a given path. After these weak measurements, the ensemble is then postselected in the final state:
Weak measurements allow to obtain information on the value of an observable without destroying the subsequent evolution of the system. Therefore they yield the information about the location of the neutrons and their spin in the context of pre-and postselection. We can calculate the weak values of the projection operators on the neutron path eigenstateŝ Π j ≡ |j j|, with j = I, II. From equations (1) to (3) we obtain Π I w = 0 and Π II w = 1. Theses values tell us the neutrons' population in path I and II respectively. Now we ask about the weak value of the location of the neutrons' spin. It would be natural to assume that this is just the product of the weak values, namely σ z w Π II w , i.e. the spin is "located" where the spatial part of the wavefunction is located on path II. But this is false. The reason for this is that in general, the weak value of a product of observables is not equal to the product of their weak values (even if the observables commute). The appropriate observable to ascertain the weak value of the neutrons' spin on path II is therefore σ zΠII w which is not equal to σ z w Π II w . In fact, we find σ zΠI w = 1 and σ zΠII w = 0. Alice would say "Curiouser and curiouser." The experiment presented here was performed at the S18 interferometer beam line at the research reactor at the Institut Laue Langevin [29] . The setup is shown in Fig. 2 . A monochromatic neutron beam with a wave length of λ = 1.92Å passes magnetic birefringent prisms, which polarize the neutron beam. To avoid depolarization a magnetic guide field pointing in the +ẑ direction is applied around the whole setup. A spin turner, rotates the neutron spin by π/2 into the xy plane. The neutron's spin wave function is then given by |S x ; + . Subsequently the neutrons enter a triple-Laue interferometer [22, 25] . Inside the interferometer a spin rotator in each beam path, allows the generation of the preselected state |ψ i . A phase shifter is inserted into the interferometer to tune the relative phase χ between path I and path II. Hence, a general postselected path state is given by
|I + e −iχ |II . Of the two outgoing beams of the interferometer only the O-beam is affected by a spin analysis. The H-beam without a spin analysis is used as a reference monitor for phase and count rate stability. The spin postselection of the O-beam is done using a spin turner and a polarizing supermirror. Both outgoing beams are measured using 3 He detectors with very high efficiency (over 99%). All measurements presented here are performed in a similar manner: The phase shifter is rotated, thereby scanning χ and recording interferograms. The interferograms allow to extract the intensity for χ = 0. This ensures that the path postselection is indeed carried out on the state
(|I + |II ) corresponding to the the O-beam.
To determine the neutrons' population in the interferometer's paths Π j w are determined by inserting absorbers into the respective path j of the interferometer. Π j w is evaluated in three steps: First a reference intensity is measured by performing a phase shifter scan of the empty interferometer to determine I REF .
For the reference measurement the spin states inside the interferometer are orthogonal. Therefore the interferogram shows no intensity oscillation. As a second step, an absorber with known transmissivity of T = 0.79(1) is inserted into path I and . Finally the absorber is taken out of path I and put into path II. The subsequent phase shifter scan allows the extraction of I ABS II . A typical measurement result is depicted in Fig. 3 . In path I the absorber has no effect. In comparison to the reference intensity no significant change can be detected in the count rate. As opposed to this, the very same absorber decreases the intensity, when it is put in path II. This already tells us that the neutrons' population in the interferometer is obviously higher in path II than it is in path I. The weak measurements of the neutrons's spin in each path are achieved by applying additional magnetic fields in one or the other beam path. This causes a small spin rotation which allows to probe the presence of the neutron's magnetic moment in the respective path. If there is a magnetic moment present in the path, the field has an effect on the measured interference fringes. If no change in the interferogram can be detected, there is no magnetic moment present in the path, where the additional field is applied. The condition of a weak measurement is fulfilled, by tuning the magnetic field small enough. A spin rotation of α = 20
• is applied, corresponding to a wave function overlap of 98.5 %. The results of the measurement procedure are shown in Fig. 4 , where they are compared to the reference measurement performed with the empty interferometer. Due to the orthogonal spin states inside the interferometer the interferogram shows no intensity oscillation for both O-and H-detector. An additional magnetic field in path I leads to the appearance of interference fringes at both O-and H-beam, giving I error of the count rate. To gain precision the measurements were repeated several times. Table  I summarizes Theory predicts that for the pre-and postselected states |ψ i and |ψ f the weak values for the spin in paths I and II are given by | σ zΠI w | 2 = 1 and | σ zΠII w | 2 = 0, while the weak values for the neutrons' population along these paths are Π I w = 0 and Π II w = 1. Within the error the experiment fully confirms this prediction. In our neutron interferometer experiment a quantum Cheshire cat is created by applying an appropriate pre-and postselection on non-separable and separable spin path states. In order to infer the neutrons' population and the location of their spin, weak measurements of the operatorsΠ j andσ zΠj are carried out. The obtained results exhibit the characteristics of a quantum Cheshire Cat in an interferometer: We observe that an absorber in path I does not change the measurement outcome, while a magnetic field does. In contrast to that the absorber has an effect in path II, while the magnetic field has none. The neutrons behave as if particle and magnetic property are spatially separated while travelling through the interferometer. The weak measurement of Π I w and Π II w is performed using absorbers with a high transmissivity (i.e., a "weak absorption"). Phenomenologically, an absorption in path j can be represented by an imaginary optical potentialV
where the absorption coefficient is given by M j = µ j (r)dr in path j with r is integrated on the absorber slab thickness. For weak absorption M j can be related to the transmissivity T j through M j ≈ 1 − T j [30] . Omitting for simplicity the free evolution operators in the following expressions, the wavefunction after the wavepacket has interacted with the absorber along path j is
for small M j . Using Π j w = ψ f |Πj |ψi ψ f |ψi the intensity for the postselected outcome takes the form
where contribution of the imaginary part of Π j w is treated as being of order or less then M 2 : This is justified by the contrast C ≤ 0.024(5) of the empty interferometer measurements with the experimental pre-and postselected states |ψ i and |ψ f . Since I REF = | ψ f |ψ i | 2 , the weak values can be extracted from the observation of I ABS j
/I
REF .
B) Weak measurement of σzΠI w and σzΠII w
The weak value ofσ zΠj is determined using path conditioned spin rotations. To measure σ zΠj w , a small magnetic field is applied in path j. The interaction Hamiltonian for this measurement isĤ
where γ is the gyromagnetic ratio and B z an externally applied magnetic field.Π j denotes the fact the the magnetic field is applied only in the region along path j. σ is the Pauli vector; applying a magnetic field alongẑ leads to theσ z component of the Pauli matrix, which is the generator of rotations around the z-axis. Thus a small rotation around z on path j is generated through the coupling between the magnetic field and the spin projection of the neutron on the z axis. The rotation angle produced by this Larmor precession effect will be labeled by α; its magnitude is proportional to the magnetic field strength [22] . The evolution of the initial state caused by the weak measurement is given by |ψ = e −i dtĤj |ψ i = e iασzΠj /2 |ψ i ≈ 1 + iα 2σ zΠj + · · · |ψ i (8) 
